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$QRWKHUPHWKRG IRU SROHOLNH REMHFW GHWHFWLRQ FDQ EH IRXQG LQ ,VKLNDZD HW DO  7KHPHWKRG LV XVHG WR





























WKH ILUVW SDUWV RI WKH PHWKRG LV IRFXVHG RQ JURXQG SRLQWV HOLPLQDWLRQ DQG VHJPHQWDWLRQ (DFK VHJPHQW LV WKHQ
SURFHVVHGVHSDUDWHO\7KHVHJPHQWLVGLYLGHGLQWRKHLJKWSHUFHQWLOHV)RUH[DPSOHWKHVHJPHQWLVGLYLGHGLQWRIRXU
SHUFHQWLOHV DQG RQO\ WKH WKLUG RQH IURP WKH JURXQG LV XVHG IRU IXUWKHU DQDO\VLV 8VLQJ WKLUG SHUFHQWLOH IURP WKH
JURXQGKDVWKHDGYDQWDJHRIHOLPLQDWLQJGLVWXUELQJVWUXFWXUHVIURPWKHDQDO\VLV'LVWXUELQJVWUXFWXUHVFDQEHREMHFWV
DWWDFKHGWRWKHERWWRPRIWKHSROHDQGVWUXFWXUHVDWWKHWRSRIWKHSROHVXFKDVWUHHFURZQV





RQ FUHDWLRQ RI WKUHH LPDJHV IURP WKH SRLQW FORXG WKH PLQLPDO KHLJKW LPDJH WKH PD[LPDO KHLJKW LPDJH DQG
DFFXPXODWLYH LPDJH 7KH SRLQWV LQ PLQLPDO KHLJKW LPDJH SUREDEO\ EHORQJ WR JURXQG SRLQWV VHW 7KH SL[HOV LQ
DFFXPXODWLYHLPDJHFRUUHVSRQGWRWKHQXPEHURISURMHFWHGSRLQWV7KHSRWHQWLDOSROHOLNHREMHFWVOLNHO\FRUUHVSRQG




WKH SROHOLNH REMHFWV RQO\ QRW WR LGHQWLI\ WKHP7KH UHVXOW RI WKH SURSRVHGPHWKRG LV D OLVW RI SROHOLNH REMHFWV
ZKHUHHDFKLWHPLVUHSUHVHQWHGE\WKH'SRVLWLRQRIWKHREMHFW¶VEDVH
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
)LJ'LDJUDPRIWKHSURSRVHGPHWKRG
3.1. Point cloud preprocessing 
7KHILUVWSDUWRIWKHGHVLJQHGPHWKRGLVWKHSRLQWFORXGSUHSURFHVVLQJ7KHPDLQDLPRIWKHSUHSURFHVVLQJWDVNLV
WROLPLWDQXPEHURISRLQWVLQVLGHWKHFORXG)LUVWWKHORZHVWDQGKLJKHVWSRLQWVRIWKHLQSXWFORXGDUHHOLPLQDWHG
7KH ORZHVW JURXQGSRLQWV DUHHOLPLQDWHGXVLQJ WKHPHWKRGGHVFULEHG LQ/DQGD3URFKi]NDâĢDVWQê 7KH







1H[W SDUW RI WKHPHWKRG VROYHV WKH SRLQW FORXG VHJPHQWDWLRQ $VPHQWLRQHG EHIRUH LW LV QRW SRVVLEOH WR XVH
FRPPRQVHJPHQWDWLRQDOJRULWKPZKLFKLVEDVHGRQFDOFXODWLRQRIWKH(XFOLGLDQ'LVWDQFHEHWZHHQSRLQWV/HKWRPlNL
HWDOXVHVVHJPHQWDWLRQEDVHGRQVFDQOLQHV+RZHYHUZHDUHXVLQJDQXQRUGHUHGSRLQWFORXGZKLFKPDNHV
WKLV DSSURDFK LPSRVVLEOH WR XVH DVZHOO2XU DSSURDFK LV EDVHG RQ GLYLGLQJ WKH SUHSURFHVVHG SRLQW FORXG LQWRn









7KHUHVXOWRI WKHVHJPHQWDWLRQ WDVN LVD OLVWRI'SRLQWVDVVRFLDWHGZLWKVHYHUDOSURSHUWLHVZKLFKDUHXVHGIRU
IXUWKHUSURFHVVLQJ7KHUHDUHWZRPDLQSURSHUWLHV


















   LI'SRLQWZDVQRWSUHYLRXVO\SURFHVVHGDQGPHHWVWKHSRLQWVFRQGLWLRQVWKHQ
    ,QVHUWWKH'SRLQWDWWKHHQGRIWKHQHZVHJPHQW
    0DUNWKH'SRLQWDVSURFHVVHGRQH
   HQGLI
  HQGIRU
  LIVHJPHQWPHHWVWKHVHJPHQWVFRQGLWLRQVWKDQ














































 ZKLOHORZHVWDOWLWXGH  GR
  IRUHDFKVHJPHQWDOLVWRIVHJPHQWVGR
   LISRLQWLVLQVHDUFKUDGLXVIURPWKHxDQGzFRRUGLQDWHVRIWKHFHQWURLG
    		]FRRUGLQDWHORZHVWDOWLWXGHWKDQ
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    /RZHVWDOWLWXGH zFRRUGLQDWHRIWKHSRLQW
   HQGLI
  HQGIRU




3.4. Algorithm for reducing a number of false positives 
7KLV VWHS LV EDVHG RQ WKHPHWKRG SXEOLVKHG LQ /DQGD 3URFKi]ND âĢDVWQê  7KH DOJRULWKP LV EDVHG RQ
DVVXPSWLRQ WKDW WKHSRLQWV LQVLGHHDFKVHJPHQWVKDYHPLQLPDOYDULDQFH IURP WKHz D[LVRI WKHSROH2Q WKHRWKHU









PRUH WKDQNPOHQJWKURDG LQDFHQWHURI%UQRFLW\&]HFK5HSXEOLF7KHFORXGFRQWDLQVPRUH WKDQPLOOLRQ
SRLQWV
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7KHSURSRVHGPHWKRGLQFOXGLQJWKHDOJRULWKPIRUUHGXFLQJDQXPEHURIIDOVHSRVLWLYHZDVWHVWHGLQWKHVHFRQG



































7KHSURSRVHGPHWKRG VKRZV JUHDW SURPLVH IRU DXWRPDWLF GHWHFWLRQ RI SROHOLNH REMHFWV7KH DGYDQWDJHRI WKH
PHWKRG LV WKH HOLPLQDWLRQ RI WKH FRPPRQO\ XVHG VHJPHQWDWLRQ (XFOLGLDQ GLVWDQFH VHJPHQWDWLRQ 7KH(XFOLGLDQ
GLVWDQFHVHJPHQWDWLRQZRUNVRQO\ LQVLWXDWLRQVZKHUH WKHSROHOLNHREMHFWVDUHQRW LQDQ\ZD\FRQQHFWHG WRRWKHU
REMHFWV+RZHYHUWKLVLVQRWWKHFDVHLQKLJKO\SRSXODWHGXUEDQHQYLURQPHQWV7KHSURSRVHGPHWKRGXVHVDQRWKHU
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NLQGRIVHJPHQWDWLRQZKLFKLVEDVHGRQKRUL]RQWDOFXWV7KHQXPEHURIFXWVZDVGHWHUPLQHGE\H[SHULPHQWWR
(DFKFXWLVDSSUR[LPDWHO\PKLJK7KLVDSSURDFKHQDEOHVWRXVHWKHSUHVHQWHGPHWKRGLQXUEDQDUHDV





1RQHWKHOHVV LW LV LPSRUWDQW WR FRQVLGHU WKH XVH RI WKH DOJRULWKP IRU UHGXFLQJ WKH QXPEHU RI IDOVH SRVLWLYHV
0RUHRYHUKLJKQXPEHURIIDOVHSRVLWLYHVFDQEHHOLPLQDWHGLQIROORZLQJSRVWSURFHVVLQJ)LJVKRZVWKHLPSRUWRI











GHYHORSHG PHWKRG LV XVLQJ WKH GLUHFWLRQDO YHFWRU WR GHWHFW SROHOLNH VWUXFWXUHV 7KH PHWKRG DOVR UHSUHVHQWV DQ
DOWHUQDWLYH DSSURDFK WR FRPPRQO\ XVHGPHWKRG RI VHJPHQWDWLRQ EDVHG RQ(XFOLGLDQ'LVWDQFH VHJPHQWDWLRQ 7KH
SUHVHQWHG DSSURDFK LV EDVHG RQ GLYLGLQJ WKH SRLQW FORXG LQWR KRUL]RQWDO FXWV DQG SHUIRUPLQJ WKH VHJPHQWDWLRQ
SURFHVVDIWHUZDUGV7KXVWKHLQWHUFRQQHFWLYLW\RIREMHFWVLQVLGHSRLQWFORXGLVVXFFHVVIXOO\RYHUFRPH
7KHPHWKRGZDVWHVWHGLQUHDOZRUOGFRQGLWLRQVZKHUHLWZDVDEOHWRFRUUHFWO\LGHQWLI\RISROHOLNHREMHFWV
HJVWUHHW OLJKWV+RZHYHU WKHPHWKRGDOVRFUHDWHGDKLJKQXPEHURI IDOVHSRVLWLYH UHVXOWV7KLVZDVFDXVHGE\
FRPPRQDOLW\EHWZHHQSROHREMHFWVDQGWUHHV)RUWKLVUHDVRQDQDOJRULWKPIRUUHGXFLQJDQXPEHURIIDOVHSRVLWLYHV
ZDV LQWHJUDWHG 7KLV PRGLILFDWLRQ VLJQLILFDQWO\ UHGXFHG WKH QXPEHU RI IDOVH SRVLWLYHV KRZHYHU IRU WKH SULFH RI
PLVVLQJ PRUH SROH REMHFWV 1RQHWKHOHVV DV VKRZQ LQ GLVFXVVLRQ WKLV PRGLILFDWLRQ GRHVQ¶W KDYH WR EH XVHG
0RUHRYHUPDQ\RIWKHIDOVHSRVLWLYHVFDQEHHOLPLQDWHGGXULQJSRVWSURFHVVLQJVWHSV
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